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[Abstract] Objective: Considering the efficacy of Gegen Qinliantang (GQT) in releasing exterior and

clearing interior to alleviate dampness-heat dysentery, we analyzed the mechanism of the chloroform extract of
GQT in alleviating enterotoxicity caused by irinotecan to provide an experimental basis for the development of
GQT. Method: Kunming mice (n=60) were randomly divided into a blank group, a model group, a loperamide
group (positive drug of loperamide hydrochloride capsule, 0.4 mg-kg'), and high- (2.3 g-kg"') and low-dose
(1.16 g-kg') GQT chloroform extract groups. The mouse model of delayed diarrhea was established by
intraperitoneal injection of irinotecan hydrochloride (CPT-11, 55 mg-kg') for four consecutive days,
meanwhile, the mice in the blank group only received the same volume of normal saline. Corresponding drugs
were administered by gavage on the fifth day, respectively, while the ones in the blank group and model group
were given distilled water for five consecutive days. The general condition of mice in each group was observed,
and diarrhea indexes of mice were recorded. Pathological changes in colon tissues of mice were observed by
hematoxylin-eosin (HE) staining. The tumor necrosis factor (TNF) -«, interleukin (IL)-18, cyclooxygenase
(COX) -2, intercellular adhesion molecule (ICAM) -1, glutathione peroxidase (GSH-Px) , superoxide
dismutase (SOD), malondialdehyde (MDA ) and nitric oxide (NO) levels in colon tissues were detected with
the assay kits. Furthermore, the expression levels of Kelch sample epoxy chloropropane associated protein 1
(Keapl), nuclear factor E, related factor 2 (Nrf2), tight junction protein-1 (ZO-1), heme oxygenase-1 (HO-1)
and tight junction protein (Occludin) were detected by Western blot. Result: Compared with the blank group,
the model group showed declined body weight and reduced contents of GSH-Px and SOD (P<0.01), whereas
increased diarrhea indexes and TNF-«, IL-18, COX-2, ICAM-1, MDA and NO levels (P<0.01). Abundant
inflammatory cells and colonic mucosa with defects, swelling, bleeding, and inflammatory exudation were
revealed by HE staining in the mice of the model group. The expression levels of Keapl, Nrf2, ZO-1, HO-1 and
Occludin in colon tissues significantly declined (P<0.01). Compared with the model group, the loperamide
group and the high- and low-dose GQT chloroform extract groups exhibited improved weight loss, reduced
diarrhea indexes, diminished TNF-«, IL-18, COX-2, ICAM-1, MDA and NO, and elevated GSH-Px and
SOD. HE staining indicated that the cells were compactly arranged with clear nuclei in the high- and low-dose
GQT chloroform extract groups, and the expression levels of Keapl, Nrf2, HO-1, Occludin, and ZO-1 were
up-regulated. Conclusion: GQT chloroform extract may alleviate CPT-11-induced delayed diarrhea by
regulating inflammation and oxidative stress for enhancing the intestinal barrier function. These findings are
expected to provide a reference for exploring the toxicity-attenuating effect of Chinese medicinals on
chemotherapy drugs and for developing famous classical formulas.

[Keywords] Gegen Qinliantang; irinotecan hydrochloride (CPT-11); enterotoxicity; oxidative stress;

inflammation; delayed diarrhea; loperamide; tumor
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1 ##

RM2016 #1955 # U] K HL( F Dk 3 &R 48 Ik
A BRZN A ), KD-P R 20 U3 AL () AR Bkl 4 28
WA PR ) , Eclipse E100 B 1F & % 2% 5 4085 A
DS-U3 B ji % & 5t ( H A J8 /N 7)), Mini Protean 3
cell 8 3 Yk X ( 2% [E] Bio-Rad A w ) , TE77XP % H1 3
3 ( 3€ E Hoefer 28 ) , MK 3 HI i b5 { (5 % 85 #h 4
HAH

CPT-11( K#EXLCAEMBEARGRA A, H 5
NO402A) , Fh R 18 R T i fise 2 (74 2 7 A% i1 25 A R
78 AL S5 190305883, [F 24 #fE ¥ H10910085, #L A%
2 mg/ki ) 5 IR SR BE T -ao(TNF-a) , (1 40 i A
F-1B(IL-18) , FF & A i -2(COX-2) , 4 i ] 7 Bf 43
F-1(ICAM-1) , 2 bk H Kt 41k 9 1 (GSH-Px) , #
A AL Wy 1 AL B (SOD) , N . (MDA) , — A L &
(NO) IR £ (g mt 2 A 9 TR 52, it 5 43 5l
920190306, 20190302, 20190306, 20190318,
20190320,20190317,20190326,20190303) ; % £ 3
B Bt /A Kelch £ 21 480 50N %6 4 G B 11 1(Keapl) , #%
RN FEMERNF2(NMR), EHEZEN
(Occludin) , Il £1 % %8 45 M -1(HO-1) (%% [ Abcam 23
", At 5 4> 91 A ab139729, ab137550, ab167161,
ab68477) ; /N LR v PR B % E R H1-1(Z0-1)
[ G AEMBEAR(EE)ARAR,HMS sc-
10804 ], kI iR (BCA) & 1 & & o ik 7l &
[ FEB M R B E (LB )ARAA, S
PICP123223 ], 75 R F G (U4 AR R AT R
Al S G1005) , RIPA 24 f# i (b 50 R 3 £ R
A B T L A5 R0020) , 22 5 e 4L 1A H 3t 9 -3-
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1% i = B (GAPDH , IR TR 4 IR A R A R A,
1t45 1LS203560) , B AR o 42 4k ¥ B (HRP) 5 41 e b
WP (RS RAEYHERARA A, H# S
A0208) . T A K ¥ 0 T AR fer A6t th 25 T 3
25 AR P R 2] R 2R AR R S AR O BB
YW 5 Pueraria lobata W T HE M, ¥ % KRB B4
Y5 Scutellaria baicalensis I T AR , 2518 N B K
B W) B 7% Coptis chinensis [ TR 25, 5 H BN
S RMEY H B Glycyrrhiza uralensis W) T AR F1AR 25
AR T o T

60 HE WA /N B, AR BT i (25+2) g, BEMERS
WA F BT 35 A SE 5 B WA B R A RS TEYS SCXK
(J11)2015-030, ASBIF 5 0T 95 S 1) Bl 1 592 6 28 4 vh
5 25 K 2E 5000 sh W) 10 3 2% D1 S I, v 5 2014
DL-023,
2 AHiE
21 BMREEG ETP R & (0%
WHIPILEERMFEG N BRI, HRE W
(%), B =0, B0 =0 AR B SOk A ) x5S AR
X YR AT R B A 5 BE QA - A D) g
BRSSP T 70 A /N RREED IR (5 FE )
T2 R AT R U (IR ) & T L A G
A FR15.625 g(f& 24 15.6 g) 7 s S TR (5 €8 )
W B 0 3 i B HEATER T BB T (05 FE e ) b R
B 5 AR B R OC &R BT — P 15.625 g
MR v 730 2 B 7 2 2 IE , BB B AR S i 7 AR
HRMEMR 125 ¢, K H #3125 ¢, 85 46.875 g, 5 %
46.875 g, B M -5 H H -8 KB % Gt 1 8:2:3:3,
474 250 go

A S MR A S5 2k 2 ) S B 2 W R 5
B = AR S B R R E R SRS E Y
5 10 A A A R I, A3 S AR ECES AR 1 kg, HORE
250 g, WA 375 g, W4 375 g MM LSBT E
R, 32 % (B T7 HLAY Hh 2 i 25 = 48 B )P 24
R FRUED R (BB —2) )", 145 & BUR 90 % 42, fix
L B ARSI A A T IE R DL AR IR AR
B 15 f354 /K S5 330 30 min, BUAE 1 h s m A HiAtb
2 IR L[] B &1 b, U A 5 25 0 0 10 £ B K BILAE
1.5 h, U8R 5 & JF 2 R BTV, 991K Wk 40 28 25 WA 2
BWRENO0S gemL (A4 L), RIIRGHNZL,
I e 4 3 o 0 = G e R AT AL, AR 3K
A OF = ST B A U, R R AR TR AR AR A
= A BRI

2.2 Word GER L ZS O 60 HUh BUBEPLAE
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S IEH AL BRI Y& UR TR 4 RN AR B v —
AW BRI KRR, A 12 2. BRIER 4
Hh, HAbZH /N R LL 55 mg- kg 7 B VE BT CPT-11, %
ZLiES 4 d, R 1K, H 4 CPT-11 i 8UR & MRS
JINERABE ALY T R AR AR AR AR OK . B SR
K FH TG DA AE B AR K ) R R 3 IR T TR B VR AT
TR T M 2/ BRE H (45 2550 i 0.4 mg-kg') , B R
K = A B R Y AR A A B AR
2.3,1.16 g-kg ' H 4 T B AR K 71 — G b 4 B
Yy, I E A RBTRZH E  AF RARIROK RS2 5 d,
BRI, B 59 KW kb 8 /N B, 7] B+ B 25 B 4
21, 1T 5 seke .

2.3 ZIITEH 4R B

230 —BAEBL 45 25 R A R W BN B — i
RO O/ R O B & B LT B 55 ) | A R [
W 1900 Bt/ U T 3t

232 JEEIF KD ERUE TR E R IR
TR IR AT LIS RS O, B H OISR 2k . BT
i B AR SCilk [ 20 bR i E AT 1743, B O 43, KA IEH
SR 15 RIS R A IR ORG24,
JEMETSE , RAEHIR AR, o A R AL % @
34 HEEMETE KRR A BB AL & 4

233 JFARE-PH(HE) B (U W52 /0N L2541 80

PP & 5 Ak S BB 240 5 WA A

A B ER KW T BT 4% 2 B B R R P E 2,
2 LUH LK RS R I L 4 wm SR A
J&i #EAT HE Y2 8, R G 2% W 3B UL 52 /s B 45 i 41
BUB A0 856 90E 8 TR BE e 3 BB IR K
A5 Y0 AT AL BB A P 4P . S E T T R O
T TCL 00 R LAy 2 R L3 . AR
TRBEVESY  JC, 0400 s B R 2, 1455 U2, 2 0 R
.30, RS REIRIEAY - TG, 04) 5 FEIIE 1/3 Bss
N0 B 23 BB IR , 2 00 oA e i R b R,
3% A TP A IR 4 5 o AR E BRI 4

1%~25%, 1 43 5 26%~50%, 2 43 5 51%~75%, 3 7% ;
76%~100% ,4 43 .

234 /NRE AR P AATEIRKE R %
21 /N B 45 T 21 23 FH W TR £k 2% vP W (PBS, pH 7.4) i
5 A3, A1 W T 4 °C L4 000 r-min” B.0> 5 min
(B§.0FAR 8 om) , U 15 W, #4330 & U W] B i A7
AR, R F G IC 56 95 W X 56 (ELISA ) il 2 TNF-ar,
IL-18,COX-2,ICAM-1 % & ; It 2 15 I =2 GSH-Px,
NO 1 & &2 5 K % DU A e (WST-1) 2 42 1 SOD 119
fr  BRAC I L Z R (TBA) A K I MDA 4 7 2 .
2.3.5  fE A EN I (Western blot) & i /)N B &%
Jir 41 41 h Keapl,Nrf2, ZO-1,HO-1 F1 Occludin 5
M 2235 SR A RIPA 2 RS2 UM R4S I 81 B R
M1, BCA 3 571 &5 WU 88 11 v B, 1+ 2 vp i AE 1
AERAC AT E A, T 120 VIERHEIK L h, T
70 mV {H R 5% B 70 min. JH 5% LA W54 EH 01 1 h,
A —¥7 Keapl(1:1000),Nrf2(1:1 000),Z0-1(1:
800) , HO-1(1:2 000) , Occludin (1:2 000) I N =
GAPDH (1:1 500) & F#&JK 4 °Cit & , Jin A — 4t
HRP(1:1000)0 5 1 h, VeME 5 & (LB, 78 85 11 AR
R A N 1%, 2575 FH Image Lab 3.0 4 ¥ 17 1 1% 43
FroofitEAMER S NSEA ST KEME,
2.3.6 il #4rHr SR SPSS 23.0 4 X 5 50 %L
AT AT 2= 0, LB R DA x5 om0 I B
HER AT REAS e K 30 HEAT 3 07, SR RERE (IR TS TF
O3 ) K FHBR FAG 56, P<0.05 Fl P<0.01 &8 22 3 H 48
ES-3&

3 &R

3.0 RS WSRO, TR AN B
TE SE 55 H (R WG . 50 R A LA, R A R
2N BRI T R SRR A PR, e R
B AR i 7 = A B A HOCH) R R 0 R TR FT AR
—E R UG B AR T D . LR S G B
I,

F1 ERFEFZSFRRBYNREEES/NRERBHBIM (T£5,2=12)

Table 1 Effect of GQT chloroform extract on body weight of mice with delayed diarrhea (x+s,n=12)

ue

4151 /g kg 1R LIEPN LIPS RPN LN
IEH 24.66+2.02 27.16£3.08 28.17+2.41 28.95+3.74 29.41+3.76
PR 24.73+1.71 25.16+1.45 23.63+1.89% 21.85+2.51% 21.83+1.21%
WK T 1 0.000 4 23.21+£2.32 25.36+3.02 22.1142.83 22.05+1.68 22.83+2.05
BREEH=A 23 23.90+2.31 26.51£2.09 24.41+2.66 23.77+4.44 24.58+3.69%)
TRRRY 1.16 23.10£1.76" 24.82+1.63 24.44+2.79 23.88+3.83 23.71+3.54

W HIEH 4 U P<0.05,7 P<0.01; 58 41 H 4% Y P<0.05,Y P<0.01(F 2~5[A]) .
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3.2 NREERER  SIEF A, BN R
TEST CPT-11 56 4 K IF4h 1 B 5K 18 , Bl J5 1L V5
ARZE BN EE A58 5T AR L 40 U o, 3k 3
15 (P<0.01) ; 5HERIAL L4, W UR T e 4 A B AR 5 i
7 = AN S SR U i ARG 2 AT 28 i /D BRI TS
Mo X F/NEREE I — B2 IE 5 4125 I e JE i 1S
w55 i b L Al B i BT SRR, I S il 5t A R IR e
A5 SRR A R BRSBTS KL,
B 48 45 AR, 45 W B (0 41, 3 i K i B 5
TUZH P T IR T M 4 A 5 AR 25 7 0 — G e 4 L
WY AT 2 B R AR A, 45 i B IR 0, H L
I Kb, 5 B K R B B I R AL e H AT e S i
CPT-11 IrEsi 4. WK 1,%2,

3.3 XN H SR B S E R FEO
OB T SR, IR A RS e SRR TR AR,
2 B 5K HE A /N B B s G T T o7 R M R
AT OBE AT UL 5 0E B 4 L A, AR R 2 4 i 2 AT D
Bt K L R R B R R R S A IR
AL TE S A — PR A K 40 M R PR S5
RYUZH L3, U WR T e 20 R 65 AR 5 3% 7 — Sl o 3 iR
PrE R A A ST AR TR AR, R &
9B LG IR AN HE S IR AR i = A

®2 BRFEF=QPREIFIURE SRS NRESEY

f
t

Fig. 1 Colon morphology of mice with delayed diarrhea affected

by GQT chloroform extract

Jor 418 B 1K 790 A2 L T DL 78k 6 2 /0 e 00 R 5 L A
HEG 5 HL L P D i RAE AN o 76/ U251
A5 2P0 BRI 2 [ (7.2040.90) 43 155 1E &
[ (0+0) 43 | B & FF & (P<0.01) ; 3% Wk T fi& 41
[(5.15+0.85) 47 ], B MR 25 1% v — S0 W e 412 U e
2 [ (5.63+0.82) 45 |, B MK % 1 = G H e SR B
IR it 21 [ (5.78+0.90) 43 | 55 A5 784 41 B I P& A1 (P<
0.05). ULEl 2,

Q8 (x+s,n=12)

Table 2 Effect of GQT chloroform extract on diarrhea indexes of mice with delayed diarrhea (x+s,n=12)

4151 i/ g-kg! 1R EHDN EHPN EFRPN

EH 0.15+0.02 0.160.02 0.15£0.04 0.16+0.03
A 0.16+0.02 0.41+0.06> 1.25£0.162 1.72£0.132
TR T i 0.000 4 0.15+0.03 0.37+0.04 1.10+0.10¥ 0.88+0.07%
BREEG =R 2.3 0.14+0.02 0.34+0.03% 1.18+0.04 0.99:0.08%
e 1.16 0.15%0.05 0.36+0.03% 1.24+0.08 1.21£0.13%9

B2 ERTZTEF=ZSRREIYNEH/NREHHLREFHIFM (HE, x200,%40)
Fig. 2 Effects of GQT chloroform extract on pathological changes in mouse colon tissues of each group (HE, x200,x40)
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3.4 XF /N RS54 4 TNF-«, IL-18, COX-2 Al
ICAM-1 & i 52 5 1E 41 AL BiR4] TNF-a,
IL-18, COX-2, ICAM-1 [ & ik ¥ B F T+ & (P<

0.01), SHEARIA e, W IR T e 4l f B AR 5 i 77 —
AF e R & K & 4] TNF-«, IL-18,COX-2,
ICAM-1 [ & B34 B 2 &K (P<0.01), W33,

£3 ERTEF=ZSRREFMWI/NRLEHELE TNF-a,IL-18,COX-2 F1 ICAM-1 7K FEHIE M (X+s,n=12)
Table 3 Effect of GQT chloroform extract on TNF-a, IL-18, COX-2 and ICAM-1 levels in colon tissues of mice (x+s,n=12)

251 i /g kg TNF-a/ng-L" IL-18/ng-L" COX-2/U-L" ICAM-1/pg-L"
EH 65.75+3.18 72.80+5.50 110.27+8.81 194.25+£24.38
[ 96.30£6.15> 104.59+15.58” 151.96+15.29% 261.19+19.01%
WEOR T R 0.000 4 64.18+8.78% 76.31£5.23% 113.68+9.91% 207.51+13.40%
BWREEG = 23 72.57+7.58% 70.90+10.32% 110.63+6.86" 192.25+38.32%
J] H,
e L) 1.16 78.03+9.78% 82.53+10.63" 130.57+9.10% 225.73+7.79%

3.5 X} 45 % GSH-Px, SOD, MDA F1 NO /K 3 it 5%
W5 OE H A b B R 4 /) R &G B 40 40P GSH-
Px J¢ SOD 1) 3 ik i & % Ik (P<0.01) , MDA } NO
B IR 8 3 TH i (P<0.01) . SRR A i8R T
Jiie 4 0 AR 5 i v — G e SR R e R A 4/

L4 I 40 4 b GSH-Px Al SOD 7K V- 44 B % | T (P<
0.01), MDA & & ¥ I8 2 T & (P<0.01) ;I8 UK T R4l
B AR % % U = T e 4 BB e R i 2N B SS
HAHNO &= W E T (P<0.01), HREED
A PR AR A T B 25 . WK 4,

*4 ERTEZF=S PRI /IR LE AL GSH-Px,SOD, MDA #1 NO K FE RN (¥+s,n=12)
Table 4 Effect of GQT chloroform extract on GSH-Px, SOD, MDA and NO levels in colon tissues of mice (x+s,n=12)

20 51 Hh /g kg! GSH-Px/U-L"! SOD/U-mL"! MDA/pumol- L NO/pwmol- L'

EH 171.19£13.66 237.33+£17.83 11.62+1.51 15.68+3.27
T 100.84+23.602 123.44425.902 19.32+2.27% 28.53+3.30%
TR T 0.000 4 168.08+27.339 226.28+9.53% 14.35+2.52% 18.26+1.58%

BRE G =R 2.3 170.64+£17.314 209.78+18.09% 13.65+1.61% 18.17+2.49
RS 1.16 174.70+14.79% 150.74+16.06 15.21+1.729 27.14+3.42
3.6 Xt455 Keapl ,Nrf2 ,HO-1,Z0-1 f Occludin £ oy _ by
HRIBW N 5% 4H 8, R84 8 Keapl
Nrf2, HO-1,Z0-1 % Occludin 2 [ 22 ik 134 1 2 [ gL _ maia
fE(P<0.01). SRIAIA WA IR T AR ERY ol T < ..
32 1 = SR B U 8 0 B AL Keeap | 28 111 4635 1 3% sarort [ >

THm (P<0.01) ; 3% WR T MHe 41 70 56 AR %5 3% 1 = S W b

A B C D E

B E KF & 41 N2, HO-1, Occludin, ZO-1 &
P38 B 245 (P<0.01), WK 3,4 F1FE 5,

. ]
e o

A B c D E
3 BAEMNRLEFELR Keapl FNrf2 & B RI& Bk

Fig. 3 Electrophoresis of Keapl and Nrf2 protein expression in

colon tissues of mice

4 itig
H A, 6 AR X F CPT-11 5] 1938 & P 18 15 % ¢

E4 KHAMNREFHHELEHO-1,20-1F Occludin B B RiLH Bk
ki
Fig. 4

Electrophoresis of HO-1, ZO-1 and Occludin protein

expression in colon tissues of mice

FRY, 2 LIRS 25 S FE AR R e A E AT
Pl H 5 v AN BRIV . 59 s Ak, CPT-
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Bl (SN-38) , I 78 i 6 9 R, JLIE M [ CPT-11 5%
100~1 000 1%, SN-38 £ 7 & PN A vie J& Je I 5 3 I
Bz 42 ik Ay BsF i) 2 S BOR K VR R VS Y S, T DLk AR
Jo 38 25 4 L TR, e A B M A BRI B 2
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x5 ERTEFZ=GRIRZIWT/NR L HELE Keapl ,Nrf2,HO-1,Z0-1F1 Occludin EE R IEEWHNT (¥xs5,n=12)

Table 5 Effect of GQT chloroform extract on Keapl, Nrf2, HO-1, ZO-1 and Occludin protein expression in mouse colon tissues of each

group (x£s,n=12)

257 it /g kg Keapl/GAPDH Nrf2/GAPDH HO-1/GAPDH Z0-1/GAPDH Occludin/GAPDH
E# 0.74+0.13 0.88+0.08 0.90+0.03 0.69:0.11 0.74+0.03
IR 0.45+0.13% 0.32+0.112 0.56+0.08% 0.42+0.02% 0.43+0.062
ISR T B 0.000 4 0.67+0.129 0.64+0.10% 0.72+0.02% 0.61£0.05 0.65+0.08%
BAR A A 2.3 0.58+0.06% 0.69+0.14 0.67£0.10% 0.51£0.04% 0.62+0.04%
e L) 1.16 0.55+0.14 0.62+0.049 0.65+0.03% 0.560.07% 0.63+0.06%

CPT-11 T 8GR K MEME TS W T 8 B ia /E
mA:ZE L IR R G LN G
118 BE 2 1 5 (Lgrs) , F1 40 i 43 1k T B 44 (CD44)
mRNA , [ 2 bt 2 2 75 (1 i -3 (Caspase-3) BY 16 P
PUIRYT CPT-11 8GR R HEIETS /NS > il i [
i % 1 o TNF-a, COX-2, IL-18 % Jdi % CPT-11 5 &
PEVE L PHY 90673 5 412 1 e 5 40 i 17 3% 5 LA 15
A AFL 20 i 5% 20 ik 52 3 05, 3 PT9E 5 TNF-a
Vh M S I 7 -kB (NF-kB) A 5 10 5 5% 3% M K
COX-2 %5 ZAE HIAL AT 58 5E F i i 22 A4~ i 72
MRS CPT-11 51 & Wl d . Rk, AR B iR
CPT-11 FF 8GR & MR V5 i rh 25 B K X,

A S R SE 45 T /N U 1 B CPT-11 4 d, 45
R/ BUR & PE IR TS 3K 100%, Ui W & il iR &
PERE VS BEAY By o MR 4R R PE RS (I R 3RAE %
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BT /N B 25 T v 0 i B R S v = A e L
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H A, 2B a8 2 MRS 259, 4 i K+
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J3E T 7 R A 0 o) P A AORE 4 R IR LR i I B
LR T, S AR T A kAR R AR R R B A
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